Abstract Primary tumours and tumorous lesions of the clavicle are very rare, and little literature is available regarding their characteristics and outcome. We studied the clinical, radiological, and histopathological characteristics, and outcome of management of patients with primary tumours of the clavicle presenting to us from 1996-2005. Twelve cases of primary tumours of the clavicle presented during the above period. Seven patients were treated with partial or complete claviculectomy, and no reconstruction was done. These seven patients were evaluated for functional results with AMSTS scoring. Eight patients out of twelve had a primary malignant bone tumour, four of these being Ewing's sarcoma. No particular predilection of location of the tumour within the clavicle was seen. Functional and oncological results of claviculectomy were good. The distribution of types of tumours in the clavicle is quite different from long-bone tumours. No reconstruction is required following partial or total claviculectomy.
Introduction
The clavicle is a rare site for bone tumours [2, 7] . Orthopaedic oncologists consequently have limited experience in the diagnosis and management of tumours and tumorous conditions of the clavicle. The clavicle shares its oncological characteristics with flat bones and not with other long bones. Clavicular tumours are important, however, because the majority are malignant [2] , and the diagnosis may be delayed because of a low level of suspicion. The clavicle is an unusual bone in more ways than one [3] . It is the only long bone whose anatomical position is in the horizontal axis. It lacks a definite medullary cavity and ossifies by membranous ossification. It has two primary centres of ossification and only one secondary centre of ossification, the sternal end. It is the first bone to ossify in the embryo (fifth month). This bone is subcutaneous throughout its length, and it is occasionally pierced by the middle supraclavicular nerve. Fortunately, the clavicle is a bone that can be resected without causing significant disability [20] .
Prompted by the rarity of tumours in this bone and the paucity of literature on the management of tumours in this bone, we studied the presentation, distribution, radiological, and histopathological aspects of 12 cases with primary tumours and tumorous conditions involving the clavicle.
Material and methods
All patients presenting to us with a tumour or tumorous condition of the clavicle from 1996-2005 were included in the study. Patients with osteomyelits (one pyogenic, two tubercular), radiation-induced osteosarcoma (one patient), and metastatic carcinoma (one patient) were excluded from the study. The patients were studied for the various parameters including clinicoradiological characteristics, histopathological diagnosis and outcome of treatment (surgical or nonsurgical). Out of a total of 12 patients, 6 were males and 6 females. Age of the patients ranged from 6-62 years (mean 26 years). The majority of the patients presented with swelling with or without pain, while one patient (patient 12) presented with pain and stiffness of shoulder. None of the patients showed neurovascular deficit, while restriction of shoulder range of motion was present in three patients (patients 2, 11 and 12).
All patients were initially investigated with plain radiographs; an MRI and/or CT scan was obtained in nine cases; and CT of chest was obtained in all cases with malignant lesions. A bone scan was done in cases 9, 10 and 12. None of the lesions showed involvement or encasement of neurovascular structures. All patients were subjected to open incisional biopsy except those with a known diagnosis (cases 7, 9 and 12).
Claviculectomy was performed in seven patients (four partial and three complete) with a horizontal incision over the subcutaneous surface of the clavicle, including the biopsy incision in the specimen. The resection margins were wide in all cases except case 12. None of the patients developed neurovascular deficit following surgery. On follow-up, all patients were asked about any limitation in the activities of daily living and examined for range of motion of shoulder or any neurovascular deficit. All patients with malignant lesions were subjected to monthly radiographs of the extremity and chest radiographs at intervals of every 3 months, and a CT scan of the chest was obtained in those with respiratory symptoms or a suspected lesion on chest X-ray.
Nonoperative treatment was chosen for patients in whom the clavicle tumour was part of a metastatic/multifocal disease or those with a limited life expectancy (cases 3, 4, 7, 9, 12).
Results
The results are summarised in Table 1 .
The average follow-up was 3.3 years (range 6 months to 10 years). The patients treated with claviculectomy were assessed for functioning and acceptability of the involved limb [4] . The average score after claviculectomy was 70.5% of expected normal function, and all the patients were satisfied with the outcome. None of the patients treated with claviculectomy complained of any functional deficit, and all had full range of motion at the involved shoulder. None of the patients had any neurological deficit.
One-third of the patients had Ewing's sarcoma, including three females and one male. Case 1 underwent complete claviculectomy with neoadjuvant chemotherapy. The patient developed pulmonary metastasis 8 months after claviculectomy and was subjected to lobectomy. The patient died of recurrent pulmonary metastasis 2 years after claviculectomy. Case 2 was subjected to complete claviculectomy and neoadjuvant chemotherapy with vincristine, cyclophosphamide, and doxorubicin. She was free of recurrence and metastasis at final follow-up of 10 years, had full range of motion, and could perform all the activities of daily living (Fig. 1) . Cases 3 and 4 both presented with widespread metastatic disease and were both treated by chemotherapy alone. Both the patients died of metastatic disease, at 6 and 12 months after presentation, respectively.
Cases 5 and 8 had aneurismal bone cysts in the right and left clavicles, respectively. The patients were treated with partial claviculectomy and were disease-free at final follow-up of 4.5 and 2 years, respectively.
Case 6 was a 12-year-old athletic boy who presented with a painless swelling over the clavicle. On plain X-rays and CT scan (Fig. 2) , the tumour proved to be a periosteal lesion. On histopathological examination, it was found to be a desmoid tumour. The patient was treated with partial claviculectomy and was free of disease at last follow-up of 5 years.
Case 7 was a known case of histiocytosis X, with multiple bony lesions involving the left clavicle, the right fifth rib, and skull (Fig. 3) . The rib was excised as it was painful, and the patient was treated with multiagent chemotherapy. The lesion showed spontaneous radiological regression, and the patient had no complaints at final follow-up of 3 years.
Case 9 was a known case of multiple myeloma who presented with a clavicular lesion on skeletal survey. The patient was treated with chemotherapy and died with widespread disease 6 years after presentation. Case 12 had presented with pain and stiffness of right shoulder and was being treated at another institute for periarthritis of shoulder. A radiograph of the shoulder revealed a lytic lesion of the right acromion, and a bone scan revealed multiple vertebral and pelvic lesions. Urine biochemistry and serum electrophoresis confirmed the diagnosis of multiple myeloma. The patient was disease-free at final follow-up of 1 year.
Case 10 presented with a huge swelling (10×8 cm) involving the left clavicle that proved to be a plasmacytoma on histopathological examination. A bone scan failed to reveal any other lesion in the body. The patient was treated with complete claviculectomy and chemotherapy, and was free of disease at final follow-up of 4 years.
Case 12 presented to us with a 12×8 cm fungating mass involving the left clavicle, which had been operated on at another institute and recurred (Fig. 4) . He was treated with complete claviculectomy with contaminated margins. The swelling recurred 1.5 years after the first operation. The patient was operated on again, this time with palliative radiotherapy. The patient was then lost to follow-up. 
Discussion
The clavicle is a rare site of bone tumours in the body [2] . Its incidence has been reported to be from 0.45-1.01% of all bone tumours [2, 7] . Consequently, the experience of most orthopaedic oncologists is limited to a small number of cases. For the same reason, there is a paucity of literature on the management of tumours of this bone, the majority being case reports or series with a small number of patients.
The most commonly reported site of involvement of the clavicle is the acromial end, and tumours of the diaphyseal region are rare [7, 16] . Our series, however, had an equal distribution of tumours in all areas of the bone.
The peculiarities of the clavicle have clinical significance for the orthopaedic oncologist. The overall incidence and relative occurrence of tumours and tumorous lesions of the clavicle resemble those of flat bones and not other long bones [11] . The clavicle is subcutaneous throughout its length, and the cases present quite early as even a small swelling is detected early by the patient. The middle supraclavicular nerve, sometimes entrapped in the tumour or in the operative scar, may give rise to severe pain [10] , although this was not found in any of our cases undergoing surgery. Furthermore, the decision in favour of a wide or radical excision of a clavicular tumour is easier to make than in other long bones, as no reconstruction is required.
All the biopsies were done by the open incisional technique. Although needle biopsy would have been easy because the clavicle is a subcutaneous bone, it is recommended that needle biopsy be avoided in clavicle tumours for fear of injury to the neurovascular structures that are in close relation with it [9] ; injury is also more likely when the tumour softens the consistency of the bone by way of destruction of the cortex.
That a majority of tumours of the clavicle are malignant is a fact reflected in many of the previous reports [14, 16] .
This series had eight primary malignant bone tumours (66%). The commonest histological diagnosis of clavicular tumours has been variously reported as myeloma [14] or osteosarcoma [16] . In our series, however, Ewing's sarcoma was the most common histological diagnosis. Further, the average age of the patients was higher than the age group in which Ewing's sarcoma is normally seen in other parts of the body. Ewing's sarcoma is the commonest sarcoma to occur in flat bones (pelvis, ribs, face) [11] , and thus it is logical that it should be common amongst clavicular tumours, the clavicle being a bone with a similar mode of ossification and development. A total claviculectomy is obviously the procedure of choice if a definitive cure is the goal [17] . For patients with sarcomas, the importance of chemotherapy is increasingly being recognised in improving disease-free survival of patients in whom complete resection is not feasible [6] .
Clavicular tumours have been previously classified by Natarajan et al. according to the amount of clavicle that had to be resected [13] . Our series included a case (case 6) not included in the above classification, the periosteal tumours, which may be treated adequately by hemicortical claviculectomy. Periosteal desmoids are a result of avulsive cortical microinjuries, commonly found in the lower end of the femur [12] . The authors, after a thorough search of English literature, failed to find a periosteal desmoid tumour reported to occur in the clavicle. The indication for surgery in this case was cosmetic, and in retrospect, we believe that a hemicortical claviculectomy would have sufficed in this case.
Eosinophilic granuloma at this site can be misdiagnosed as a primary lesion, [18] , the clavicle being a rare site for bone tumours. Our patient, however, was known to have disseminated histiocytosis X, thus making the diagnosis easy. Chemotherapy is a known form of treatment of this entity, when systemic involvement predominates [8] . Most of the tumours reported in our series have either been reported to occur in the clavicle as rare occurrences in sporadic case series or reports [1, 18, 19] or have not been previously reported (periosteal desmoid). Giant chondrosarcoma similar to our patient has been reported earlier [15] .
The function of the involved shoulder girdle was analysed in all the cases. Our study confirmed that total or subtotal excision of the clavicle is rarely associated with a clinically significant loss of function [20] , and tedious attempts at reconstruction of the clavicle may not be necessary [5] . That the clavicle is a dispensable bone makes the decision of a subtotal or total excision easier.
To conclude, tumours of the clavicle are rare lesions with a histopathological profile quite different from that seen in other long bones. A high index of suspicion is needed for timely diagnosis and management of tumours at these rare sites. The treatment of clavicular tumours should mostly include partial or complete claviculectomy, the oncological and functional results of which are excellent. A rare case of a periosteal desmoid of clavicle is described.
